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Abstract 
To further explore the mechanism of steroid feedback in male, the effects of testosterone (T) and gonadotropin-releasing hormone 
(GnRH) on the rates of a- and lutropin (LH)/3-chain synthesis, neosynthesized subunits and radioimmunoassayable LH release into the 
medium were studied in the cultures of anterior pituitary cells from orchiectomized and intact rats. Polypeptides were [35S]methionine- 
labeled, immunoprecipitated s parately in the medium and cells, then after SDS-PAGE precisely quantified. The total (medium + cells) 
radioactivity incorporated in the absence of GnRH into a- and LH/3-subunit was increased in orchiectomized rat cells vs. intact rat cells. 
GnRH stimulated the synthesis of both subunits, whether cells were from normal or castrated rats. T suppressed basal and GnRH-en- 
hanced synthesis of both subunits in castrated rat cells. The values became closed to those observed in the normal rat cells. Also release 
of neosynthesized subunits from castrated rat cells into the culture medium was inhibited by T. In contrast, T did not change the basal and 
GnRH-induced radioimmunoassayed LH release. These results show that T can inhibit directly, at the pituitary level, a- and 
LH/3-subunit synthesis and neosynthesized but not stored LH release. They could explain, at least in part, no correlation between 
modifications of GnRH and LH secretion observed in vivo in response to T replacement. 
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1. Introduction 
LH is a pituitary glycoprotein composed of two non- 
identical subunits, a and fl, coded by separate mRNAs 
[1,2]. In male, LH biosynthesis and release is primarily 
regulated by hypothalamic gonadotropin-releasing hor- 
mone (GnRH) and by testicular steroid hormone, testos- 
terone (T) [3,4]. There is evidence now that GnRH en- 
hances not only LH release but also the synthesis of both 
a- and LH/3-peptides [5] resulted from increase in the 
levels of subunit mRNAs [6-10] by transcriptional stimu- 
lation [11,12] or post-transcriptional ugmentation of 
poly(A) tail-length [13,14], size [15] and stability (half-life) 
[12] of a- and LH/3-mRNAs. It is generally believed that 
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T negatively controls LH secretion by an action at the 
hypothalamic level modifying the release of GnRH. In 
T-treated castrated rats, however, the inhibition of LH 
release to basal range was not correlated with changes in 
hypothalamic GnRH release [16]. Also, some laboratories 
[17-19] reported a direct inhibitory effect of T on basal 
and GnRH-induced LH release in pituitary cell cultures. 
Concerning a- and LH fl-subunit RNA level regulation in 
response to T, some argued for the mediation by changes 
in GnRH secretion [20-23], others presented evidence of a 
direct action of T at the pituitary level [15,18,19,24,25]. In 
general, LH release is assessed by radioimmunoassay in 
culture medium, thus reflecting essentially stored LH re- 
lease changes as neosynthesized LH supply is relatively 
minor during a short time used in experimental design [10]. 
There is relatively little information on regulation of 
neosynthesized LH secretion, especially by T. In this paper 
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we have compared in vitro the ability of GnRH to induce 
the o~- and LH/3-subunit synthesis and release of neosyn- 
thesized and stored LH in cultured anterior pituitary cells 
from normal and orchiectomized rats (deprived in vivo of 
T). Furthermore, we have explored if the replacement of T 
in cultured castrated rat cells is able to completely sup- 
press the increase in LH biosynthesis and release to intact 
rates. As it is now evident hat the expression of a- and 
LH/3-subunit can be regulated on transcriptional nd post- 
transcriptional level, we have measured the protein synthe- 
sis. This approach permits also to follow the release of 
neosynthesized subunits. To measure the de novo biosyn- 
thesis of c~- and LH fl-subunit, the cells were incubated in 
the presence of [35S]methionine, the labeled proteins were 
separately immunoextracted from culture medium and cells 
and then analysed by SDS-PAGE. This approach has 
previously allowed us to precisely detect a stimulatory 
effect of GnRH on c~- and LH/3-peptide synthesis as early 
as 2 h after treatment [:!6]. As continuous exposure of 
gonadotroph cells to 30 nM GnRH induces desensitization 
within 10-12 h [27], we were thus able to examine GnRH 
effects in the very early phase such as after only a 5-h 
incubation. In addition, continuous treatment with GnRH 
does not change the GnRH receptor-mRNA level [28]. In 
the present study we have used T at a physiological 
concentration (3 nM). 
2.2. Protein labeling 
To label neosynthesized proteins we used 
[ 35 S]methionine incorporated in situ into polypeptide chains 
during their elaboration [29]. The cells were washed twice 
with Krebs-Ringer medium buffered with 25 mM HEPES 
(pH 7.4) supplemented with 0.1% BSA and 0.2% D-glu- 
cose. The 5-h labeling of proteins was carded out in 500 
/zl Krebs-Ringer medium supplemented with 40 mM es- 
sential amino acids (Sigma, St. Louis, MO) and 50 /zCi 
[ 35 S]methionine (1100 Ci/mmol, CEA, Saclay, France) in 
the absence or presence (10-1°-3 X 10 -8 M) of GnRH 
(generously provided by Hoffmann-La Roche, Basel, 
Switzerland). The incubation was rapidly stopped by re- 
moving the medium and treating the cells with 500 /zl 
60% trichloroacetic a id (TCA) at 4°C. Under those condi- 
tions, the proteins are not precipitable (Counis and Starzec, 
unpublished data). After sonication the proteins were trans- 
ferred to tubes and precipitated by diluting the TCA to 
10%. The precipitate was then washed twice with 10% 
TCA at 4°C and finally dissolved in 1% sodium dodecyl 
sulfate (SDS)-0.2 M Tris-HC1 (pH 8.0). The radioactivity 
incorporated into total protein was determined by TCA 
precipitation and counting 2-/zl aliquots of incubation me- 
dia and cell extracts potted onto 3 MM Whatman (Maid- 
stone, UK) circles. 
2. Materials and methods 
2.1. Preparation and culture of dispersed anterior pitu- 
itary celia" 
Anterior pituitary glands were removed from 10-week- 
cld male rats (Wistar, laboratory breeding, Gif-sur-Yvette, 
France), either intact or castrated 14 days earlier. The 
tissue was enzymatically dispersed using the trypsin disso- 
ciation procedure as previously described [5,26,29]. The 
cells were resuspended in HAM F-10 medium (Eurobio, 
Paris, France) supplemented with penicillin (50 U/ml), 
streptomycin (50 mg/ml), and 10% fetal calf serum 
(Eurobio, Paris, France) deprived of steroids by chro- 
matography on Lipidex 1000 (Packard, Downers Grove, 
IL, USA) which was described to preserve the proteins 
[30]. In the case of nornqal rat cells, 3 nM T (Sigma, St. 
Louis, MO) was added to culture medium. Aliquots of cell 
suspension (3 × l0  6 cells/150 /zl) were plated in tissue 
culture dishes (35 mm im diameter; Nunclon, Roskilde, 
Denmark). After 1.5 h (the time necessary for cell attach- 
ment to dish surface), t]ae culture medium volume was 
brought o 2 ml. The cells were incubated for 3 days at 
37°C in a water- and 20%O2/75%NE/5%CO2-saturated 
atmosphere before experiments. The cells from castrated 
animal pituitaries were pretreated or not for 48 h with 3 
nM testosterone. 
2.3. Immunoextraction and quantification of neosynthe- 
sized a- and LHfl-subunit 
To isolate the neosynthesized a- and LH/3-subunit, we 
used immunoprecipitation of free subunits and one-dimen- 
sional SDS-polyacrylamide g l electrophoresis (PAGE) as 
described previously [5,26,29]. Briefly, proteins from cul- 
ture medium and cell homogenate were denatured by 
reduction and carboxymethylation, precipitated with 10% 
TCA and solubilized in 1% SDS-0.2 M Tris-HCl (pH 
8.0). After heating for 3 min at 90 C, aliquots were diluted 
in a cocktail of detergents designed to lower non-specific 
adsorption and subjected to immunoprecipitation using 
antisera directed against denaturated bovine subunits 
(generously donated by Dr. J.G. Pierce). The specificity of 
antisera was previously described [5]. Immunoprecipitated 
polypeptides were analyzed by SDS-PAGE on 17% poly- 
acrylamide gel and revealed as individualized bands by 
fluorography [5,26]. To quantify the radioactivity incorpo- 
rated into a- and LH/3-subunit, the corresponding ra- 
dioactive bands were excised from the gels, solubilized 
with H202 and counted. The counts per min were cor- 
rected for quenching and isotope decay. 
2.4. LH radioimmunoassay 
LH in culture media was determined using a rat RIA kit 
(rat LHRP-2, NIADDK, Bethesda, MD) obtained from the 
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National Pituitary Agency Hormone Distribution Program. 
All samples were assayed in duplicate. 
2.5. Statistical analysis 
Data are presented as means + S.E. of at least three 
independent experiments. Significant differences between 
groups were determined by one-way ANOVA followed by 
Fisher PLSD tests. Dose-dependence of GnRH effect was 
studied by regression analysis (Statview 512 +,  Brain 
Power Inc., Calabesas, CA, USA); * P < 0.05; * * P < 0.01. 
3. Results 
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3.1. Total pituitary protein synthesis 
As shown in Table 1, the total protein labeling in 
anterior pituitary cells from normal and castrated rat was 
not significantly different after 5 h of incubation. Further- 
more, the incorporation of [3~S]methionine into total pro- 
tein was not significantly affected by the presence of either 
GnRH (only data for 10 nM GnRH are shown) or 3 nM T. 
3.2. a- and LHfl-subunit synthesis 
After 5 h of incubation, the total (medium + cells) 
radioactivity incorporated into both a- and LH fl-subunit 
(Table 1) in the basal conditions (in the absence of GnRH) 
was significantly (P  < 0.01) higher (1.50 _ 0.02 and 2.49 
+__ 0.19, respectively) in the case of pituitary cells from 
castrated cells as compared to the normal rat cells. When 
castrated rat cells were pretreated for 48 h with 3 nM T the 
a- and LHfl-peptide labeling became not significantly 
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Fig. 1. Dose effects of GnRH on total (cells + medium) [35 S]methionine 
incorporation into o~- and LHfl-subunit. The cells (3x  106 per dish) 
were incubated for 5 h; castrated rat cells were pretreated or not with 3 
nM testosterone for 48 h. Data are means + S.E. of three independent 
experiments. Error bars not shown are within the symbol; * P < 0.05; 
• * P < 0.01 compared to basal (in the absence of GnRH) values. 
Table 1 
Basal and GnRH-induced [35S]methionine incorporation i to total proteins, a- and LHfl-subunit in normal rat pituitary cells and castrated rat pituitary 
cells pretreated or not with 3 nM testosterone (T) 
Radioactivity ( 10- 3 dpm) incorporated by: 
Normal rat cells Castrated rat cells Castrated rat cells treated with T 
Total proteins 
Basal 20990 5:1550 19670 5:2060 19 150 _ 2320 
10 nM GnRH 20530 ___ 2510 21 030 5:2550 19910 _ 1910 
a-subunlt 
Basal 6.19 5:0.12 9.27 5:1.33 5.55 + 0.33 
10 nM GnRH 13.62 5:1.41 26.20 5:1.03 13.91 5:0.56 
Stimulatory factor a 2.37 5:0.11 2.71 _ 0.88 2.51 5:0.11 
LH fl-subunit 
Basal 0.22 5:0.04 0.54 __+ 0.04 0.24 5:0.11 
10 nM GnRH 0.60 _+ 0.03 1.17 5:0.11 0.57 5:0.05 
Stimulatory factor a 2.73 5:0.22 2.17 5:0.21 2.42 5:0.21 
Anterior pituitary cells (3 × 106 cells per dish) were incubated in the absence (basal) or presence of 10 nM GnRH for 5 h. Values (cells + medium) are the 
means 5: S.E. of three independent experiments. 
a Ratio of radioactivity incorporated in the presence of GnRH vs basal incorporation. 
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different from values observed in the normal rat cells. 
Thus, T is able in vitro to completely reverse the orchiec- 
tomy-induced increase in ~- and LH/3-peptide synthesis. 
GnRH stimulated the total (medium + cells) a- and 
LH/3-subunit labeling (Fig. 1), whether cells were from 
normal (P < 0.01) or castrated rats, cultured in the pres- 
ence (P  < 0.01) or absence (P  < 0.01) of T. In these three 
experimental models, the stimulatory effect of GnRH on 
the synthesis of both a and LH/3, was dose-dependent 
(P<0.01) ,  starting at the concentration 10 - l° M and 
reaching a plateau at 3 × 10-9-10 -8 M. The GnRH con- 
centrations producing a half-maximal response were ap- 
prox. 0.3 nM in all three experimental cases for a- as well 
as for LH/3-subunit synthesis. The dose-dependent profiles 
for normal rat cells and for castrated rat cells treated with 
T were not significantly different. As shown in Table 1, 
the maximal stimulatory factor of LH polypeptide synthe- 
sis by GnRH (at the concentration 10 -8 M) was approx. 
2.5 in every experimental case. Thus, this maximal stimu- 
latory factor would appear independent of the T effect. 
3.3. Neosynthesized a- and LH/3-subunit release 
The newly produced a-subunit was largely released 
into the cell medium (80-90% of total labeled peptide) 
while neosynthesized LH/3-peptide remained intracellular 
(70-80%). The release of both neosynthesized subunits 
into the culture medium (Fig. 2) was affected by orchiec- 
tomy, GnRH and T in the same manner and proportions as 
their synthesis. 
3.4. Stored LH release 
In parallel, we examined in our experimental condi- 
tions, radioimmunoassayable LH release into the culture 
medium. Basal (spontaneous) release of stored LH was, 
like oz and LH/3 biosynthesis and neosynthesized subunit 
release, higher after castration (3.74_ 0.30 times; P < 
0.01). But, in contrast o a- and LH/3-subunit synthesis 
and release, it was not significantly changed if castrated rat 
cells were exposed to T ('Fable 2). Thus T is not capable in 
vitro of reversing the orchiectomy-induced increase in 
stored LH release. 
GnRH stimulated the LH release in a dose-dependent 
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Fig. 2. Effect of 10 nM GnRH on release of [35S]methionine-labelled a- 
and LH/3-subunit nto culture medium. The cells (3 × 106 per dish) were 
incubated for 5 h; castrated rat cells were pretreated or not with 3 nM T 
for 48 h. Data are means+S.E, of three independent experiments. 
* * P < 0.01 compared to basal (in the absence of GnRH) values; also 
** 3vs, 1 and 5,4vs.  2and6.  
manner (P  < 0.01), whether cells were from normal or 
castrated rats, cultured in the presence or absence of T 
(Fig. 3). This stimulatory effect of GnRH was detectable at 
concentration 10 - l° M and reached a plateau at 10 -8 M 
in each experimental case. The apparent half-maximal 
response was observed at a GnRH concentration 0.3 nM. 
Differently to a and LH/3 biosynthesis and neosynthe- 
Table 2 
Basal and GnRH-induced stored LH release from normal rat pituitary cells and from castrated rat pituitary cells pretreated or not with 3 nM testosterone 
(T) 
Radioimmunoassayed LH (ng/dish/5h) released by: 
Normal rat cells Castrated rat cells Castrated rat cells treated with T 
Basal 12.90 5:2.28 48.23 + 3.85 69.71 5:14.83 
10 nM GnRH 117.26 5:5.9 247.82 5:28.41 278.84 + 14.52 
Stimulatory factor a 9.09 + 0.458 5.14 + 0.59 4.00 5:0.208 
Anterior pituitary (3 × 106 cells per dish) were incubated in the absence (basal) or presence of 10 nM GnRH for 5 h. Values (cells + medium) are the 
means + S.E. of three independent experiments a Ratio of radioactivity incorporated in the presence of GnRH vs basal incorporation. 
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Fig. 3. Dose effects of GnRH on radioimmunoassayable LH release from 
anterior pituitary cells into culture medium. The cells (3 X 106 per dish) 
were incubated for 5 h; castrated rat cells were pretreated or not with 3 
ruM testosterone for 48 h. Data are means _+ S.E. of three independent 
experiments. Error bars not shown are within the symbol; * * P < 0.01 
compared to basal (in the absence of GnRH) values. 
sized peptide release, where the effects of castration were 
reversed by T, the dose-dependent profiles of LH release 
in castrated rat cells treated or not with T were not 
significantly different. Thus, 3 nM T is not able to sup- 
press the GnRH-induced increase in stored LH release 
from castrated rat cells. A further difference between the 
regulation of a/LH/3 synthesis and stored LH release is 
reflected in the maximal stimulatory factor of LH release 
by GnRH which was significantly (P  < 0.01) higher in 
normal rat cells as compared to values for castrated rat 
cells treated or not with T (Table 2). 
4. Discussion 
We have observed in the present study that in the adult 
rat anterior pituitary cells in culture de novo synthesis of 
the a- and LH/3-subunit as well as the spontaneous re- 
lease of neosynthesized and stored LH was significantly 
increased two weeks after orchiectomy as compared to 
intact animals. Post-castration elevation of radioimmunoas- 
sayable LH release is now indisputable [3,16]. Kitahara et 
al. [31 ] found in vitro a 6-fold augmentation f LH release 
two weeks after castration. These and our results (3.7-fold 
increase) agree with the in vivo findings of a 4.4-fold [32] 
and a 4.7-fold [33] increase in serum LH levels, respec- 
tively 14 and 6 days after orchiectomy. The post-castration 
increase in c~- and LH/3-subunit polypeptide synthesis 
reported here (1.5 and 2.9, respectively) is consistent with 
a previous study using pituitary quarters [34]. These aug- 
mentations correlate with elevation after orchiectomy of 
the pituitary LH content [31,35] and a- and LH/3-subunit 
mRNA levels as measured by cell-free translation [32] and 
hybridization analysis of RNA extracted from pituitary 
gland [3] or pituitary cell cultures [31]. Thus, in our study 
we have obtained the anterior pituitary cell cultures which 
display correctly some of the physiological changes ob- 
served in vivo after orchiectomy. Curiously, the orchiec- 
tomy-induced increase in stored LH release is significantly 
higher than augmentation i LH synthesis or neosynthe- 
sized LH release. 
Whatever the post-orchiectomy changes in the a- and 
LH/3-subunit biosynthesis, neosynthesized and stored LH 
release were, a 5-h exposure of cells to GnRH resulted in a 
dose-dependent stimulatory effect on these three processes. 
However, considering GnRH efficiency in terms of a 
maximal stimulatory factor defined as the ratio of the 
values obtained in the presence of maximal doses of 
GnRH (in our study 10 nM GnRH) versus basal levels, 
some differences appear. Thus, for stored LH release 
stimulatory factor was nearly twice lower in castrated than 
in normal rat cells, suggesting that two weeks after castra- 
tion the pituitary cells become less responsive to GnRH or 
that they release LH at level so high that it is impossible to 
stimulate further. A similar decrease in LH secretory re- 
sponsiveness to GnRH in vitro has been observed by 
others [33,36]. It is noteworthy that although the castrated 
rat cells appear to be less responsive to GnRH than intact 
rat cells, the amount of released LH remained higher in 
castrated rat cells whatever the GnRH concentration. This 
could be a consequence of more elevated gonadotropin 
subunit gene expression and LH gonadotrope cell content 
in orchiectomized compared to normal rat [3]. In contrast 
to stored LH release, de novo biosynthesis and release of 
neosynthesized a- and LH/3-subunit were stimulated by 
GnRH exhibiting the same maximal stimulatory factor 
(approx. 2 × ) in normal and castrated rat cells. Thus, the 
orchiectomy causes a decrease (saturation) in the stored 
LH secretory response to GnRH, while it does not change 
the response neither of a and LH/3 biosynthesis nor 
protein synthesis-dependent LH release. Interestingly, in 
all experimental conditions the magnitude of response to 
GnRH is significantly higher in the case of stored LH 
release than LH synthesis or protein synthesis-dependent 
release. These observations raise the possibility that dis- 
tinct GnRH receptor-activated intracellular transduction 
pathways mediate these events. Recently, Chedrese t al. 
[12] provided the evidence for dual distinct action of 
GnRH in gonadotrope a T3 cells. 
An in vitro inhibitory effect of T on LH peptide biosyn- 
thesis [18,19] and o~- and LH/3-mRNA levels [15,25]) in 
cultured anterior pituitary cells from orchiectomized rat 
has been reported, but in this report we have demonstrated, 
for the first time in our knowledge, that direct treatment of 
castrated rat cells with T completely reversed the post-cas- 
tration increase in the a and LH/3 de novo synthesis and 
neosynthesized LH release, as well in the presence as in 
the absence of GnRH. On the contrary, in our experimental 
conditions and in agreement with others [3,15,17], the 
stored LH release remained unchanged. Further, in vitro T 
treatment had no significant effect on the GnRH-induced 
stored LH release, whatever the concentration of GnRH. 
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These observations provide: evidence that T is able to act 
directly at the pituitary cell level to control LH synthesis 
and neosynthesized LH release but it does not affect the 
signaling pathway involved, in the regulation of stored LH 
release, spontaneous or GnRH-dependent. Our results ar- 
gue for different mechanisms of neosynthesized and stored 
LH material release into the medium. The release of 
neosynthesized subunits is closely related to changes in 
their synthesis, suggesting 'the involvement of the constitu- 
tive secretion pathway as described by Kelly [37]. 
Very little is known about he effect of T on the GnRH 
action at the pituitary level. Androgens at high concentra- 
tions were reported to directly alter the GnRH receptor 
number [38] but no significant changes in GnRH receptor 
concentration [39] or in specific mRNA level [28] were 
observed in castrated rat receiving T. It was thus proposed 
that T acts by affecting postreceptor signal transduction 
[39-41]. Muyan and Baldwin [19] proposed that for inhibi- 
tion of LH subunit biosynthesis T involves postreceptor 
events that are regulated by cAMP-dependent mechanisms. 
We have previously reported that activation of cAMP-de- 
pendent pathway in the pituitary cells induces the increase 
of LH subunits ynthesis and their release into the medium 
but has no effect on release of stored LH [10]. This curious 
coincidence with present findings leads us to speculate that 
T could decrease LH suhunits synthesis and release by 
inhibiting cAMP-dependent events. This possibility inte- 
grates well into our model previously proposed [10,42], of 
cascade reaction induced by GnRH in gonadotrophs, con- 
sisting of sequential activation of protein kinase C and 
then protein kinase A, the former being involved in acute 
release of stored LH, the latter in the synthesis of LH 
subunits leading to sustained release and restoration of LH 
stocks. Further studies are necessary to validate this hy- 
pothesis. 
In conclusion, we haw~ demonstrated that two distinct 
pathways are involved in the control of stored LH release 
and LH biosynthesis + sustained LH release in go- 
nadotrophs. T is able to operate, at the pituitary level, on 
the second one. Both of them are modulable by GnRH. 
Thus in vivo, T can exercise its feedback action on LH by 
combining the effects on hypothalamic and pituitary levels. 
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